ABSTRACT The x-ray activity observed near highly powered wave guide structures is usually caused by local electric discharges originating from discontinuities such as couplers, tuners or bends. In traveling waves electrons are shown to move in the direction of the power flow. Seed electrons can multipactor in a traveling wave, the moving charge pattern is different from the multipactor in a resonant structure and is self-extinguishing. Given sufficient primary sources, the charge density in the wave guide will modify impedance and propagation constant of the wave guide. An estimate is made of the radiation level inside the output wave guide of the SLAC, 50 MW, S-band, klystron. Possible contributions of radiation to window failure are discussed.
INTRODUCTION
Since the early sixties klystron windows have been coated with a very thin film of titanium in a more or less oxidizing atomsphere.1 Somewhat later titanium nitride coated windows were advocated. 2 The purpose of the coating has been two-fold: suppression of the multipactor and prevention of charge accumulation. Multipactor produces heat and charge accumulation produces electric stress and both could lead to window failure. Figure 1 shows a section through the 50 MW klystron collector. Lately, a power splitter and recombiner has been mounted in the output wave guide, so that each of the two windows carry half the power and increase therefore the reliability.
At present, there is enough statistics to show that windows behave different depending on where they are mounted: on the tube itself, in the test ring or on the dummy load. a) Tube windows run hotter than load-or test ring windows.
b) Tube windows fail more often than load windows. c) Tube windows may fail in spite of successful ring test of several times the nominal power. d) The power splitter on the klystron did not significantly reduce the failure rate. The above gives the impression that window failure is also dependent on environmental influences. Now the x-ray intensity around the klystron, the output wave guide and the window is very conspicuous. Hence we set out to explore cause and effect in more detail. Figure 2 shows some results. A primary energy of 450 keV, which is about consistent with the klystron voltage of 315 kV is measured, if suitable absorbers are inserted.
MEASUREMENTS OF RADIATION LEVELS Klystron
The entrance of the wave guide is flooded by a continuum of photons, produced inside the klystron, and perhaps as high as 1011 photons per square cm per pulse. Hence alternate generations of photons, photo-electrons and secondary electrons could go "around the bend" of the wave guide and reach the window. Except for secondary emission in a restricted energy band, these processes have low quantum efficiency and are thus self-extinguishing.
Test Ring
The observed radiation levels are much lower in the test ring and shown in Fig. 3 
Thermoluminescence
Windows show distinct coloration on the area of the upstream side which corresponds with the rectangular section of the wave guide. Tests have shown that appreciable thermoluminescence occurs on the up-and not or less on the down stream side of the window. Quantification of the effect seems difficult since the ceramic is more or less opaque and the irradiation soft, so that surface saturation is reachled already after several hours of ring test.
ELECTRON WIND HYPOTHESIS
The above observations can be explained by assuming inside the wave guide electron emitters. The most likely source for the output wave guide would be photo electric emission, but in the case of the test ring one should also suspect effects of dust collected during the frequent change overs.
The energy spectrum of the accelerated electrons has a cut off proportional to the RF power, so that the x-ray spectrum ends also there. It is close to 1 keV per MW power. The wall thickness of the copper wave guide is 2.8 g/cm2. Considering the mass extinction coefficient of copper at, say, 40 keV of about 4.6 cm2/g, only 2 ppm of the radiation can be detected outside the wave guide.
The kinematics of electron motion in a traveling wave shows an average drift in the direction of the power flow. Hence we must also suspect sources of radiation upstream from the point of detection. This leads to the belief that the window effectively stops some flow of charge which would prevail, given a distributed source of emitters all along the ring.
The intercepted electron wind will charge the window, since the semiconducting coating has a relaxation time constant comparable to the pulse duration. Thus electric stress builds up, which adds to the RF stress, possibly a major cause of electrical break down. in which we assume the electron starts in (to, 0o) at T = 0 and with zero velocity. The set can be solved numerically by the method of finite differences in r. It appears that the dominant motion is in the direction of the electric field with an amplitude 2v, where v/c = eE/(mwc) = 0.22, so that the maximum energy an electron can have is about 52 keV for 50 MW RF power and is proportional to this power. The force in the xdirection is defocusing and the drift velocity in the z-direction is in first approximation (z)/c = I (v2/c2) * cos2 k1x and would be 2.4% in the center of the wave guide. Only a small fraction 2914 of the electrons may reach the maximum energy, before interception by the wave guide walls. Figure 4 shows the energy spectrum of intercepted electrons, assuming they started out at zero energy and were uniformly generated on the surface, for instance by photo electric effect. The tail electrons produce the x-radiation, one would eventually observe outside the tube or wave guide. The relation between measured radiation level outside the wave guide and the energy spectrum of the electrons inside the wave guide is given by:
in which f' is the energy spectrum in keV-2 cm-2 S-1 of the electrons, which we give the dimension of a flux because of the dominance of the electron motion parallel to the electric field. E is the cut off energy determined by the RF power. f2 is the energy distribution, in keV- 
